The objective of this study was to determine the physiological effect of supplementing turkey diets with different vegetable oils, i.e. soyabean (S) oil, rapeseed (R) oil and linseed (L) oil, which have different concentrations of polyunsaturated fatty acids (PUFA). The total contents of n-6 PUFA and n-3 PUFA were as follows: diet S, 49.7 and 7.02%, diet R, 33.0 and 7.96%, and diet L, 30.3 and 30.6%; the n-6/n-3 PUFA ratio was 7.3, 4.4 and 1.0, respectively. The experimental materials comprised four groups of turkey hens (14 replications of fifteen birds each). The amount of dietary oil supplementation was increased from 2% in the first four weeks to 6% at the final stage of fattening (14-15 weeks). The apparent total tract digestibility of crude fat in 7-week-old turkeys (2.5% oil in diet) ranged from 89.9 to 91.1%, and showed no statistically significant differences. Dressing percentage, breast, thigh, and drumstick muscle contents did not differ among groups. Group L had a significantly higher intestinal fat weight (0.84% body weight (BW)) than the other groups (0.60-0.62%). In comparison with diet S, diets R and L contributed to a significant decrease in the levels of saturated fatty acids (from 32.9% to 30.3 and 30.2%) in breast meat lipids. In group L turkeys, the share of PUFA in total fatty acids in breast meat lipids was significantly higher (37.3% .1% in groups S and R, respectively), and the n-6/n-3 PUFA ratio was significantly lower (1.2 vs 5.6 and 5.1). As for the performance indices (final BW, feed conversion ratio), both rapeseed and linseed oils could be recognized as comparable alternatives to soyabeen oil (in both cases P>0.05 vs S group). However, the highest final BW followed the dietary treatment with linseed oil (P<0.05 vs group R).
INTRODUCTION
The results of previous studies confirm that the consumption of polyunsaturated fatty acids (PUFA), particularly n-3 fatty acids, plays an important role in coronary heart disease prevention (Harris et al., 2007) . Nutritionally important n-3 fatty acids include eicosapentaenoic acid (EPA; C20:5n-3), docosahexaenoic acid (DHA; C22:6n-3), which are found in fish oils, and α-linolenic acid (ALA; C18:3n3), which can be found in many vegetable oils, including linseed oil (Kavouridou et al., 2008) .
The last two decades have witnessed growing interest in linseed and linseed oil, believed to enhance the health-promoting properties of animal products, including poultry meat. It was found that the inclusion of linseed in livestock diets induced significant modifications of human plasma and erythrocyte fatty acid composition (comparable to that noted under the 'Cretan' diet) and a sharp increase in CLA (Weill et al., 2002) . Feeding chickens a diet containing 12% linseed increases fatty acid deposition in broiler meat. Thus, consuming 100 g of such fatty acid-enriched meat from legs or wings, approximately 2 g of n-3 fatty acids would be provided by each portion, which offers consumers an alternative to enhance their daily n-3 fatty acid intake (Jia et al., 2010) .
To date, the experiments indicating that linseed is a good candidate for enriching poultry meat with n-3 fatty acids have been conducted mostly on broilers, and the number of experiments performed on fast-growing turkeys is much smaller (Nguyen et al., 2003; Has-Schön et al., 2008) . Earlier comparative studies with young birds have shown a difference in fat utilization between chickens and young turkeys (Mossab et al., 2000) . Therefore, the results obtained for chickens may be extrapolated to turkeys to a limited extent only. The dietary inclusion of PUFA-rich oils in the nutritional regime of young turkeys is further justified by the fact that fattening lasts long (min. 15 weeks) and the incidence of spontaneous cardiomyopathy is relatively high in this species (Mikulski et al., 2009 ).
The objective of this study was to determine the physiological effect of supplementing turkey diets with different vegetable oils, i.e. linseed oil, with a low n-6/n-3 fatty acid ratio, rapeseed and soyabean oils, having moderate and high n-6/n-3 fatty acid ratios, respectively.
MATERIAL AND METHODS

Birds and housing
The experiment was carried out at the Research Laboratory of the Department of Poultry Science, University of Warmia and Mazury in Olsztyn, according to the guidelines of the Local Animal Experimentation Ethics Committee.
A total of 630 one-day-old heavy-type BIG-6 turkey females, sexed at the local commercial hatchery, were randomly assigned to three feeding groups (14 replications). The birds were kept in pens (15 turkeys per pen, 4 m 2 ) on litter in a building with a controlled environment. The temperature and lighting programme were consistent with the recommendations of the Aviagen Inc. (2007) . The birds had free access to feed and water. The trial was conducted to 105 days of age.
Diets
Turkeys were fed three diets differing in the type of vegetable oil added: soyabean (S) oil, rapeseed (R) oil and linseed (L) oil. Feed grade soyabean oil was purchased from Toepfer International Poland, rapeseed oil was purchased from the Kruszwica S.A. vegetable oil processing plant (Poland), and linseed oil, from a vegetable oil pressing plant in Grodzisk Wielkopolski (Poland). The oils were added to isoenergetic and isointrogenous diets (Table 1 ). The four-phase feeding programme applied in the study followed commercial recommendations. All diets were offered ad libitum as mashes without any feed additives.
Growth trial
Experimental diets (Table 1) were offered ad libitum as mashes. At the end of each period, on days 28, 63, 91 and 105 of the experiment, the birds were weighed and feed intake was recorded. Feed utilization efficiency was calculated for each period. Mortality was recorded daily, and the weights of dead birds were used to adjust average daily gain, average daily feed intake, and feed conversion ratio (FCR). 
Balance trial
After 8 weeks of feeding, 14 birds were selected randomly from each treatment (7 replications, 2 birds each) and transferred to battery cages for balance trials. Cages were thermostatically controlled, and turkeys had free access to water from nipple drinkers. The birds received ad libitum a diet administered in the second phase (from week 5 to 9) of feeding. All diets contained TiO 2 at a rate 5 g/kg as an indigestible dietary marker for the calculation of nutrient digestibility coefficients. After a two-day preliminary period, a collection period was continued for five days, the excreta were collected daily, freeze-dried and ground through a 0.5 mm screen.
Sample collection
After 15 weeks of feeding, blood samples (10 ml) were collected from the wing vein of eight turkeys from each group to measure the levels of glucose, urea, triglycerides, total and HDL cholesterol. Eight birds representing the average body weight of each group (24 birds in total) were sacrificed by cervical dislocation, scalded, defeathered and eviscerated. Following evisceration, whole carcasses were air prechilled at 12°C for 30 min, air chilled and stored at 4°C, and then hand-deboned on a cone 24 h post-mortem. The carcass, intestinal and abdominal fat, breast meat (including pectoralis major and pectoralis minor muscles) and leg meat (including thigh and drumstick) were weighed. The percentage of eviscerated carcass was calculated as the ratio between the eviscerated carcass and live body weight (LBW) after fasting. The weights of the breast meat, leg meat, intestinal and abdominal fat were also calculated in relation to LBW. The left pectoralis major subsamples were vacuum-packaged and frozen at -20°C (3 days) for fatty acid profile analysis.
Analysis
Samples of feed and dried excreta were analysed in triplicate for dry matter, crude fat, nitrogen, crude ash (methods 934.01, 920.39, 954.01, 942.05, respectively; AOAC, 2005) . Ti was determined by optical emission spectrometry with excitation in inductively coupled plasma (ICP-OES) using an Ultima 2 sequence camera with vertical plasma from Horiba Jobin Yvon (procedure developed in the GBC Poland, Laboratory, Niezdrowice).
The gross energy value (GE) of feed and excreta was determined with the use of a Parr adiabatic oxygen bomb calorimeter (KL-10, Precyzja, Bydgoszcz, Poland). The apparent total tract digestibility and retention coefficients (ADC) of dry matter (DM), nitrogen (N), crude fat (CF) were calculated based on the equation developed by Ravindran et al. (1999) .
Blood serum parameters were determined using the Cobas Integra 400 system (Modular Analytics, Roche), as follows: glucose, by an enzymatic method with the use of hexokinase; urea, by a kinetic method with the use of urease; glutamate dehydrogenase, triglycerides, total cholesterol and HDL cholesterol, by enzymatic-colorimetric methods.
Fat was separated via extraction of minced meat with a chloroform and methanol mixture (2:1 v:v), and then the fatty acids were methylated with a mixture of chloroform, methanol and sulphuric acid (100:100:1 v:v) according to the Peisker's method (Peisker, 1964) . The samples were subjected to chromatographic analysis to determine fatty acid composition. A 6890 N gas chromatograph (Agilent Technologies Inc. Palo Alto, USA) equipped with a flame ionization detector (FID) was used. Column (capillary, 0.32 mm × 30 m), injector, and detector temperatures were 180, 225 and 250°C, respectively. The flow rate of helium carrier gas was 0.7 cm 3 /min. Fatty acids were identified based on their retention times and were expressed as a percentage of the sum of identified fatty acids (% wt/wt). All analyses were performed in duplicate. The concentrations of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) were calculated.
Statistical analysis
For performance parameters, a pen was considered to be a replicate experimental unit for the statistical analysis. Other results were analysed with each turkey as a replicate. The model assumptions of normality and homogeneity of treatment variance were examined by the Shapiro-Wilk test and Levene's test, respectively. All percentage data (e.g., mortality, digestibility coefficients, carcass traits and fatty acids profile) were transformed using Bliss degrees. The results presented in this paper are from the untransformed data.
When a measurement variable held the normality assumption of an ANOVA, the data were analysed using the General Linear Models (GLM) procedure for ANOVA of Statistica 8.0 software (StatSoft Inc., 2007) according to the following model:
where: y ij -the observed dependent variable, µ -the overall mean, α i -the fixed effect of i-th treatment ( i = 1, 2, 3), e ij -the random error connected with ij-th observation. When a significant treatment effect was noted, the post-hoc Newman-Keuls test was used to determine differences between treatment groups. The KruskalWallis ANOVA procedure on ranks was used when the measurement variable did not hold the normality assumption of the ANOVA (e.g., C16:0, C17:0, C18:0 and C18:2n-6 fatty acid). Treatment effects were considered to be significant at P≤0.05. All data were expressed as mean values with pooled standard errors.
RESULTS
The experimental diets differed with regard to their fatty acid profiles. Diet S had higher concentrations of palmitic, stearic and linoleic acids, diet R had a higher oleic acid content, whereas diet L, higher levels of linolenic acid (Table 2) . Diets S and L were characterized by the highest concentrations of n-6 PUFA and n-3 PUFA, respectively. The n-6/n-3 PUFA ratio varied, reaching 7.31 in the S diet, 4.33 in the R diet, and 1.03 in the L diet. The total tract apparent digestibility of dry matter and crude fat, apparent nitrogen retention, and gross energy metabolizability were similar in all groups, regardless of the type of dietary oil (Table 3) . Table 2 ; 3 SEM -standard error of the mean (SD for all birds divided by the square root of turkey number) No significant differences were found between the groups in the values of blood biochemical parameters, i.e. glucose, urea, triglycerides, total cholesterol and HDL cholesterol (Table 4) . Table 2 ; 3 SEM -standard error of the mean (SD for all birds divided by the square root of turkey number)
The mortality rates of turkeys at successive stages of feeding were low, ranging from 2.1 to 3.5% over the entire experimental period, and differences between the groups were statistically non-significant (Table 5 ). There were no significant differences in the body weights of turkeys until 63 d of age. At the age of 91 and 105 d, the highest and the lowest body weights were noted in groups L and R, respectively (P<0.05), but no significant differences were found between those two groups and group S. Average FCR values were comparable at successive stages of feeding and over the entire experimental period, irrespective of the type of dietary oil. Table 2 ; 3 SEM -standard error of the mean (SD for all birds divided by the square root of turkey number); a, b means within the same line with no common superscripts differ at P<0.05
The composition of experimental diets affected the fatty acid profile of breast muscle lipids (Table 7) . In quantitative terms, the differences in the concentrations of the most important fatty acids between the experimental groups were as follows: Table 2 ; 3 SEM -standard error of the mean (SD for all birds divided by the square root of turkey number); a, b means within the same line with no common superscripts differ at P<0.05; SFA -saturated fatty acids; MUFA -monounsaturated fatty acids; PUFA -polyunsaturated fatty acids; palmitic acid: S>R and L (P=0.006), stearic acid: S>R and L (P=0.042), oleic acid: R>S>L (P<0.001), linolenic acid: L>S and R (P<0.001), arachidonic acid (AA): S>R, L (P=0.003) as well as eicosapentaenoic (EPA) acid: L>S and R (P<0.001). The experimental treatments did not change the docosahexaenoic (DHA) acid content. In comparison with group S, the share of SFA was lower and the share of UFA was higher in groups R and L in the total fatty acid pool (both P<0.001). As regards the share of selected fatty acids, the differences between the experimental groups were as follows: MUFA: R>S>L (P<0.001), PUFA: S and R<L (P<0.001), n-6 PUFA: S>R and L (P<0.001), n-3 PUFA: S and R<L (P<0.001), the n-6/n-3 fatty acid ratio: S and R<L (P<0.001).
DISCUSSION
The experimental diets differed with regard to their fatty acid profiles. The diet with soyabean oil had higher concentrations of palmitic, stearic and linoleic acids, the diet with rapeseed oil had a higher oleic acid content, the one with linseed oil had higher levels of linolenic acid. The diets with soyabean oil and linseed oil were characterized by the highest share of n-6 PUFA and n-3 PUFA in the total fatty acid pool, respectively. As a result, the n-6/n-3 PUFA ratio reached the highest value in the diet with soyabean oil, followed by the diet with rapeseed oil and that with linseed oil. The differences in the fatty acid profile of experimental diets resulted from the composition of vegetable oils, including a relatively high content of palmitic and oleic acids, an even higher content of linoleic acid and a low content of linolenic acid in soyabean oil (Crespo and Esteve-Garcia, 2002; Kavouridou et al., 2008) , high linolenic acid and very high oleic acid contents of rapeseed oil, and a low (similarly as in soyabean oil) linolenic acid content (Zanini et al., 2006) . Linseed oil, compared with soyabean oil, contains substantially less linoleic acid and significantly more linolenic acid (Crespo and Esteve-Garcia, 2002; Kavouridou et al., 2008) . Rapeseed oil, in comparison with linseed oil, has a similar linoleic acid content and a much lower linolenic acid content (Nguyen et al., 2003) .
The differences in the fatty acid profiles of diets had no effect on the digestibility coefficients of dry matter and crude fat, the coefficient of apparent nitrogen retention and the coefficient of gross energy metabolizability in six-week-old turkeys. In young turkeys, similarly as in chickens, fatty acid digestibility decreases proportionally to chain length, and increases along with an increase in the number of unsaturated bonds (Mossab et al., 2000) . Thus, the digestibility of vegetable oils may be higher than of animal fats (Mossab et al., 2000) , and differences in the digestibility of various vegetable oils remain small (Nguyen et al., 2003) . The coefficients of crude fat digestibility and nitrogen retention may be similar, even at a high (10%) content of soyabean and linseed oils in broiler chicken diets (Kavouridou et al., 2008) .
In the present study, no significant differences were found between the groups of turkeys with respect to the blood levels of glucose, urea, triglycerides, total and HDL cholesterol. Similar results were reported for chickens fed diets supplemented with soyabean oil or linseed oil (Febel et al., 2008) . In another experiment, lower plasma cholesterol levels were noted in broilers fed diets with sunflower oil or linseed oil, as compared with birds fed tallow or olive oil (Crespo and Esteve-Garcia, 2002) . The data obtained by other authors (Jurgonski et al., 2008) suggest that the type of dietary fat can influence glucose metabolism and its transmission from plasma to tissue. No differences in serum glucose levels were observed between the experimental groups in our study.
Previous research shows that the lipid profile of dietary fat has no effect on body weight gains in broiler chickens. Such results were reported for chickens fed diets supplemented with fish oil and rapeseed oil (Lopez-Ferrer et al., 1999) , rapeseed oil or linseed oil (Nguyen et al., 2003) and a combination of various vegetable oils, including soyabean oil and linseed oil (Kavouridou et al., 2008) . The final body weights of turkeys were also similar if their diets contained tallow, olive, sunflower oil or linseed oil (Crespo and Esteve-Garcia, 2002), as well as soyabean oil, fish oil or linseed oil (Delezie et al., 2010) . In our experiment, the substitution of rapeseed oil for soyabean oil had no influence on feed conversion and the final body weights of birds, but turkeys fed linseed oil were heavier than those fed rapeseed oil.
No significant differences were observed in carcass dressing percentage and the content of major muscle groups and abdominal fat in turkey carcasses. Intestinal fat content was significantly (P=0.045) higher in turkeys fed a diet with linseed oil than in the other two groups. This is difficult to explain, especially that no experiments of this type have been conducted on turkeys to date. Replacement of soyabean oil with linseed oil in chicken diets had no effect on abdominal fat (Crespo and Esteve-Garcia, 2002) , and the fat content of breast muscles was higher when rapeseed oil was substituted for soyabean oil (Zanini et al., 2006) , while it remained on a similar level in birds fed diets supplemented with canola seed and linseed (Rahimi et al., 2011) .
In the present study, rapeseed oil used as a substitute for soyabean oil contributed to a significant increase in the total pool of unsaturated fatty acids (UFA) in breast muscle lipids, mostly due to an increase in the concentrations of monounsaturated C18 fatty acids (oleic and elaidic). As a result, total PUFA levels were significantly lower, and a decrease in the share of n-6 PUFA insignificantly improved the n-6/n-3 PUFA ratio, compared with turkeys receiving soyabean oil.
The changes in the fatty acid profile noted in our experiment correspond to those observed in birds fed rapeseed oil-supplemented diets (Has-Schön et al., 2008) . In comparison with the cited studies, in our experiment the share of total PUFAs was lower and the n-6/n-3 PUFA ratio was similar (above 5). With regard to numerous indicators, including the concentrations of MUFA and n-6 and n-3 PUFA, our results are consistent with the findings reported for broilers fed diets supplemented with rapeseed oil by Lopez-Ferrer et al. (1999) .
In the present experiment, the replacement of soyabean oil with linseed oil in turkey diets led to a significant decrease in MUFA levels and an increase in total PUFA concentrations, including a nearly four-fold increase in the share of n-3 PUFA in breast muscle lipids. As a result, the n-6/n-3 PUFA ratio decreased from 5.6 to 1.2, compared with 5.1 in the meat of turkeys fed soyabean oil. The changes in the fatty acid profile, noted in our experiment, correspond to those observed in birds fed rapeseed oil-supplemented diets and in turkeys (Has-Schön et al., 2008) . In comparison with the cited studies, in our experiment the share of total PUFA was lower and the n-6/n-3 PUFA ratio was similar (above 5). With regard to numerous indicators, including the concentrations of MUFA and n-6 and n-3 PUFA, our results are consistent with the findings reported for broilers fed diets supplemented with rapeseed oil by Lopez-Ferrer et al. (1999) .
In other experiments involving chickens (Febel et al., 2008) and turkeys (Delezie et al., 2010) , differences in the n-6/n-3 PUFA ratio between birds fed diets supplemented with soyabean oil and linseed oil were even higher, reaching 8.1:1.9 and 9.6:1.7, respectively. In the above studies, despite considerable differences in the fatty acid profile of vegetable oils, the differences in the concentrations of major fatty acid groups, i.e. SFA, UFA and PUFA, were smaller than those noted in our experiment. In a study by Rahimi et al. (2011) , diet supplementation with linseed and canola seed led to significant differences in the share of MUFA (22.8 and 56.6, respectively) and PUFA (66.6 and 35.6, respectively) in the fatty acid profile of diets, but it had a much weaker effect on the fatty acid composition of breast muscles. Our results support the findings of other authors (Lopez-Ferrer et al., 1999; Crespo and Esteve-Garcia, 2002; Nguyen et al., 2003) who demonstrated that linseed oil (or linseed) is a valuable source of n-3 PUFA that can be effectively transferred from feed to carcass lipids.
CONCLUSIONS
It may be concluded that the replacement of soyabean oil with rapeseed oil in turkey diets allows maintaining comparable growth performance, with no
